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Behavioral activation (BA) is an evidence-based treatment for depression which has attracted 
interest and started to accumulate evidence for other conditions when delivered face-to-face. Due 
to its parsimoniousness, it is suitable to be delivered via the Internet. The goal of this systematic 
review and meta-analysis was to examine evidence from randomized controlled trials (RCTs) to 
determine the efficacy of Internet-based BA and assess the quality of this evidence.  
Methods:  
Studies were identified from electronic databases (EMBASE, ISI Web of Knowledge, Medline, 
CINHAL, PsychINFO, Cochrane) and reference lists of included studies. Two reviewers 
independently screened articles for inclusion and extracted data. They assessed the quality of 
evidence for each outcome using The Grading of Recommendations Assessment, Development 




Nine RCTs on different forms of depression were included with 2,157 adult participants. 
Random effects meta-analyses showed that in non-clinical settings, guided Internet-based BA 
was non-inferior to other forms of behavioral therapy and mindfulness (mainly very low to low 
quality evidence) and superior to physical activity (very low quality evidence), 
psychoeducation/treatment as usual (moderate quality evidence) and waitlist (low quality 
evidence) at reducing depression and anxiety outcomes at post-treatment and short follow-up. 
Limitations:  
The poor quality of some of the findings means that results should be cautiously interpreted. 
Conclusions:  
Evidence for the efficacy of Internet-based BA as a treatment for depression is promising. 
However, high quality studies with longer follow-ups are needed to increase confidence in 
findings and determine its efficacy in clinical settings and other conditions. 
 
Key words: Internet-based behavioral activation, systematic review, meta-analysis, efficacy, 
depression, other conditions 
1. Introduction 
Behavioral activation (BA) is a first-line treatment of depression (Parikh et al., 2016) which 
is also starting to be used as a low-intensity treatment for other psychological conditions (Kanter 
et al., 2010; Ekers et al., 2014). BA is a goal-oriented approach that aims to re-engage 
individuals back into their regular routines. BA focuses on the use of pleasurable activities to 
increase the chance of reconnecting the individual with sources of positive reinforcement, while 
diminishing escape or avoidance behaviors to decrease potential sources of negative 
reinforcement (Jacobson et al., 1996; Martell et al., 2010). BA was initially developed to treat 
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depression and has been shown to be effective when delivered face-to-face and compared against 
cognitive therapy, anti-depressant medication or control (Ekers et al., 2014; Richards et al., 
2016). There is also early evidence, although less convincing, of the efficacy of BA when using 
traditional face-to-face delivery methods for the treatment of other conditions such as anxiety 
and posttraumatic stress disorder (Soleimani et al., 2015; Hopko et al., 2006; Hopko et al., 2016; 
Mulick et al., 2011). 
Despite the increasing evidence for the efficacy of BA as a stand-alone intervention for 
depression and as a result, being recently emerged as a first-line treatment for depression (Parikh 
et al, 2016), BA is not often used. BA is oftentimes delivered as a component of cognitive 
behavioral therapy (CBT), which is the most established evidence-based first line treatment for 
many psychological conditions, including depression (Jacobson et al., 1996; Butler at al., 2006; 
Dragioti et al., 2017, Parikh et al, 2016). New evidence suggests that BA can become more 
widely chosen due to its potential to be more available than CBT. In fact, BA alone has recently 
been shown to be non-inferior and more cost-effective than CBT when offered as a stand-alone 
treatment for depression (Richards et al., 2016). BA is a more parsimonious form of treatment 
than CBT, making it potentially more suitable to be delivered through cost-effective means such 
as via the Internet (Ekers at al., 2011). This has important implications for practice as there are 
insufficient CBT-trained clinicians to meet demand, resulting in long wait times to see a 
specialist (Goldner et al., 2011; Hazell et al., 2017). However, choosing what type of 
psychological treatment should be considered as a first-line of treatment depends mainly on the 
efficacy and quality of its evidence. It is necessary to establish the efficacy of BA when 
delivered via the internet.  
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Because of BA’s potential as an evidence-based low-intensity intervention that could be 
easily expanded to the treatment of depression and other conditions, there have been attempts to 
deliver it in an Internet-based format. There have been empirical studies of the efficacy of these 
interventions, but, to our knowledge, no systematic reviews of the area. Prior reviews have been 
restricted to evaluating the efficacy of BA in individuals with depression, regardless of delivery 
method, and only reported a summary effect, not separate effects by mode of delivery (Ekers et 
al., 2014; Shinohara et al., 2013; Soucy Chartier and Provencher, 2012). The relative 
effectiveness of different modes of delivery are thus unclear. 
Therefore, the goals of this systematic review are to: (1) identify the conditions for which 
the efficacy of Internet-based BA has been evaluated; (2) quantitatively assess the efficacy of 
Internet-based BA when compared against control conditions (e.g., waiting list) or an active 
treatment for each of these conditions, and; (3) evaluate the overall quality of evidence of 
Internet-BA on the outcomes for each of these conditions. 
2. Methods 
A systematic review protocol was developed (available on request). We followed the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement for 
reporting title, abstract, introduction, methods, results, and discussion (Moher et al., 2009). The 
review protocol was not registered but is available from the authors. 
2.1. Eligibility criteria: 
Studies were included if they: (1) were randomized controlled trials (RCT) that evaluated 
the efficacy of an Internet-based BA intervention, as the standalone intervention or as the main 
component, on any health outcome, (2) Studies published in English. Studies were excluded if 
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they offered BA via videoconferencing. Although this form of delivery is Internet-based, we felt 
this form was not sufficiently different from in-person therapy. No restrictions were imposed on 
publication date, publication status, type of population, population age, type of control group, 
assessment time points, or health outcomes considered. It is important to acknowledge that when 
the protocol was initially written, we were planning to include uncontrolled studies and non-
randomized controlled studies that provided health outcome data in at least five individuals who 
had been treated with an Internet-based BA intervention as well. However, in light of our 
findings (we identified 9 RCTs and 3 uncontrolled studies), we decided that uncontrolled studies 
would not be included in our review as these studies are at high risk of bias and therefore may 
not yield clinically robust results about the effects of the Internet-based BA intervention. 
2.2. Information sources and search: 
The following electronic databases were searched from review inception until June 2017: 
Cochrane Database of Systematic Reviews and Health Technology Assessment Database 
(HTAD) via the Cochrane Database, EMBASE, ISI Web of Knowledge, Medline (via PubMed), 
CINHAL, and PsychINFO. The search strategy included key terms related to the type of the 
intervention (e.g., behavior therapy, behavioral activation) and its delivery method (e.g., Internet, 
Smartphone, app, web-based, online). Search strategies for each database were built and run by 
an experienced reference librarian (Supplement 1 presents the search strategies for each 
database). Reference lists of included articles and relevant reviews were manually searched.  
2.3. Study selection: 
Once the list of titles/abstracts was retrieved, two reviewers (AH, AM) independently 
screened a random set of 20% of titles/abstracts. Articles that clearly did not meet the eligibility 
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criteria were immediately excluded. With almost perfect agreement (kappa=0.895) (Landis and 
Koch, 1977; Vierra and Garrett, 2005), remaining titles/abstracts were screened by only one 
reviewer (AM). Once the full list of titles/abstracts was screened, two independent reviewers 
(AH, AM) read a random set of 35% of the remaining articles in full to judge their inclusion. 
Reviewers recorded reasons for exclusion. With almost perfect agreement (kappa=0.900) (Landis 
and Koch, 1977; Vierra and Garrett, 2005), remaining full articles were screened by one 
reviewer (AM). Discrepancies between reviewers at any level were discussed between the two 
reviewers and resolved. A third reviewer (SR) was consulted when reviewers were still unsure of 
inclusion after discussion; this occurred in one instance.  
2.4. Data extraction: 
A data extraction sheet was developed and tested with one randomly selected study and 
modified as needed. After this, two reviewers (AM, NS) independently extracted the information 
for all the retrieved articles to ensure reliability in use of the data extraction form. Discrepancies 
between reviewers were discussed between them and resolved. If an agreement could not be 
reached, a third reviewer (AH) was involved in the discussion. 
The following data were extracted: authors, year of publication, country in which the trial 
was conducted, primary diagnosis, comorbid conditions if any, target participants’ age, study 
setting (i.e., clinical setting, general population), number of arms, type of comparison group (i.e., 
treatment-as-usual (TAU), placebo, wait list, psychoeducation, and another active treatment), 
number of individuals at baseline, length of follow-up, total number of drop outs from baseline 
to last follow-up, duration of treatment, BA model used (i.e., Martell’s model, (Martell et al., 
2010), Lejuez, Hopko and Hopko’s model (Lejuez et al., 2001), Lewinsohn’s model (Lewinsohn 
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et al., 1976), and Kanter’s model (Kanter et al., 2009)), guided vs self-guided BA intervention, 
facilitator type (i.e., professional, para-professional, student, and N/A-self-guided intervention), 
amount of support from the facilitator, type of application (i.e., web-based application, native 
app, email), treatment outcome variables, treatment outcome measures, and for each treatment 
outcome and each assessment time point: number of cases, mean and standard deviation for 
continuous variables, and number of cases and number of events for dichotomous variables. 
When data were not available, study authors were contacted and information was requested. 
Corresponding authors of 4 manuscripts were contacted, 2 of which provided the requested 
information.  
2.5. Data analysis: 
Meta-analyses were performed to quantify the pooled effect of Internet-based BA. It was 
planned, a priori, that inclusion would be restricted to controlled studies if there were at least 
three available since uncontrolled studies could introduce bias into results. We compared the 
effect of online-based BA against a comparator group (i.e., treatment as usual, psychoeducation 
or another type of treatment) on the same health outcomes at post-treatment, three-six months 
after treatment, six+-nine months and nine+-12 months after treatment. However, in light of the 
limited number of studies found, we performed meta-analysis if there were at least two RCTs or 
comparisons for any given outcome. When, within a manuscript, two different BA models were 
used, Martell’s model was selected as the Internet-based BA group since this is the most 
commonly evaluated model in this review. 
Review Manager version 5.2 for Windows, a statistical software package for analyzing 
Cochrane Collaboration systematic reviews, was used. We used standardized mean differences 
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(SMD) for continuous data even where studies used the same scale given findings that the SMD 
is more generalizable than the mean difference (Takeshima et al., 2014). The relative risk (RR) 
was planned to be reported for any dichotomous outcome. Where possible, intention-to-treat 
analyses were used.  
Sensitivity analysis were performed to determine whether the following parameters could 
impact the results: (1) BA delivery method (i.e., email or a web-based application), (2) the use of 
alternative measures for the same outcome when multiple instruments were used (e.g. the Beck 
Depression Inventory (BDI), Hospital Anxiety-Depression Scale (HADS)), (3) the type of mood 
disorder (i.e., postpartum depression, complicated grief,  depression with comorbid chronic 
medical condition), and (4) the use of different versions of the same comparison groups when 
assessed within the same study (i.e., physical activity, with and without rationale). All sensitivity 
analyses were defined a posteriori, once data were extracted. 
Heterogeneity was assessed using the I
2
 statistic, a measure that does not depend on the 
number of studies in the meta-analysis and hence has greater power to detect heterogeneity when 
the number of studies is small. It is calculated using the chi-squared statistic (Q) and its degrees 
of freedom (Higgins et al., 2008). An estimate of 50% or greater indicates possible 
heterogeneity, and scores of 75–100% indicate considerable heterogeneity. 
The random effects model was used for all the analyses as between-study variation could not 
be definitely excluded even in the absence of statistical heterogeneity given the range of 
interventions under review.  
Where there were a sufficient number of studies (n > 10), we intended to assess publication 
bias using funnel plot asymmetry.  
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2.6. Quality assessment: 
2.6.1. Evaluating the quality of the Internet-based BA interventions: 
The quality of BA interventions was based on the level of fidelity to the core components of 
BA models. These were derived from reviewing the literature for BA models (Kanter et al., 
2009; Lejuez et al., 2001; Lewinsohn et al., 1976; Martell et al., 2010). One reviewer (AM) 
evaluated whether the interventions included each of the core components. This was done by 
reading intervention descriptions found in manuscripts and study protocols (when available). 
Core components for each model are briefly defined in Supplement 2. 
2.6.2. Evaluating the quality of the evidence: 
The Grading of Recommendations Assessment, Development and Evaluation (GRADE) 
framework (Guyatt et al., 2011) was used to assess the overall quality of evidence for each 
outcome which we could estimate a pooled effect for. The GRADE approach categorizes the 
levels of the quality as very low, low, moderate, and high by utilizing several domains. 
According to this framework, ratings of quality are reduced by study limitations, inconsistency, 
indirectness, imprecision, and publication/reporting bias. Two reviewers (AH, AM) graded the 
overall quality consensually using the GRADE framework. The study limitations domain was 
assessed independently by two reviewers (AM, NS). Following the recommendations derived 
from a systematic review conducted by Zeng et al (2015), the Cochrane Risk of Bias tool 





3.1. Study selection: 
The literature search yielded 17,727 results. After screening all articles, nine studies met 
inclusion criteria (total n=2,157 participants). When screening full-text articles, the most 
common reasons for exclusion were articles assessing interventions which were not BA, and 
interventions which were not delivered via the Internet or were delivered via video-conferencing. 
Figure 1 displays a flowchart of the screening process for inclusion in the review.  
3.2. Study characteristics: 
 Study characteristics are presented in Table 1. The following conditions were treated using 
Internet-based BA: depression (Carlbring et al., 2013; Ly et al., 2014, 2015; Nystrom et al., 
2017), subthreshold depression (Buntrock et al., 2016) complicated grief and rumination (Eisma 
et al., 2015), depression with comorbid diabetes (Ebert et al., 2017) and postpartum depression 
(O’Mahen et al., 2013, 2014). All studies recruited the participants from non-clinical settings and 
all treated adults (18 years or older). The comparison group varied, with the most common being 
another active treatment. We did not find any studies of the use of Internet-based BA in other 
psychiatric conditions such as anxiety or post-traumatic stress disorder.  
The most common outcomes of these nine studies was depression as assessed by 
standardized instruments such as the Hospital Anxiety-Depression Scale (HADS), Beck 
Depression Inventory (BDI-II), Edinburgh Postnatal Depression Scale (EPDS), Inventory of 
Complicated Grief-revised (ICG-R) or 9-item Personal Health Questionnaire (PHQ-9) in all 
included studies (Buntrock et al., 2016; Carlbring et al., 2013; Ebert et al., 2017; Eisma et al., 
2015; Ly et al., 2014, 2015; Nystrom et al., 2017; O’Mahen et al., 2013, 2014), and anxiety as 
assessed by HADS, Beck Inventory of Anxiety (BAI) and Generalized Anxiety Disorder 7-item 
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Scale (GAD-7) in eight studies (Buntrock et al., 2016; Carlbring et al., 2013; Ebert et al., 2017; 
Eisma et al., 2015; Ly et al., 2014, 2015; Nystrom et al., 2017; O’Mahen et al., 2014). Less 
common outcomes included quality of life in five studies (Buntrock et al., 2016; Carlbring et al., 
2013; Ebert et al., 2017; Ly et al., 2014, 2015), overall physical health (Buntrock et al., 2016; 
Ebert et al., 2017) and psychological flexibility in two studies (Ly et al., 2014, 2015), and 
chronic disease self-management (Ebert et al., 2017), post-traumatic stress (Eisma et al., 2015), 
postnatal bonding (O’Mahen et al., 2014), social adjustment (O’Mahen et al., 2014), social 
problem solving (Buntrock et al., 2016), insomnia (Buntrock et al., 2016) and mastery (Buntrock 
et al., 2016) in one study. 
Study limitation (risk of bias) assessments for each RCT are reported in Figure 2. High risk 
of bias was found in all studies for two domains: performance bias and detection bias. 
Performance bias is unavoidable in studies of this nature, as it is not possible to conceal 
treatment group allocation from participants. Additionally, all studies in this review used self-
assessment measures to collect outcomes, which is why they were deemed to be high risk for 
detection bias. All studies were classified as low risk of bias for selection bias and attrition bias.  
3.3. Description and quality of BA interventions: 
Six out of the nine interventions were solely BA, and three presented BA with another 
therapy component, namely problem solving therapy (PST) (Buntrock et al., 2016), PST and 
diabetes-specific content (Ebert et al., 2017) and acceptance and commitment therapy (ACT) 
(Carlbring et al., 2013).  
All online treatments were guided self-help interventions; however, level of guidance varied 
across interventions from as much as 60 minutes per week to as little as 15 minutes per week. 
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Guidance was provided most commonly via email or web-based messaging. In all interventions, 
the facilitator who provided guidance was either a student or mental health care professional. See 
Table 2 for further details.  
A description of the level of fidelity of each intervention to the BA model on which it was 
based is presented in Table 3. It was not always possible to evaluate whether the interventions 
actually included each of the core components due to insufficient information. A median of 73% 
(range 0-100%) of components could be assessed per intervention. The most common BA model 
used was that of Martell and colleagues (Martell et al., 2010). For interventions which used 
Martell’s model, the core component which was most commonly incorporated into the 
interventions was psychoeducation. 
 
3.4. The efficacy of Internet-based BA and the overall quality of evidence: 
At post-treatment, it was possible to perform meta-analyses including data from all nine 
controlled studies to estimate effect sizes for depression, meta-analyses including data from eight 
studies to estimate effect sizes for anxiety as well as meta-analyses including data from five 
controlled studies to estimate effect sizes for quality of life. Studies were grouped according to 
whether the comparison group was: (1) a form of behavioral therapy (i.e., exposure, in-person 
BA, another form of Internet-based BA), (2) mindfulness, (3) physical activity) (4) 
psychoeducation/treatment as usual (TAU), and (5) wait-list. Psychoeducation and TAU were 
grouped as all studies which used TAU as a control offered some form of psychoeducation. All 
outcomes were continuous as opposed to dichotomous.  
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Figures 3 and 4 show the estimated effect sizes of Internet-based BA intervention when 
compared with other forms of behavioral therapy, mindfulness, physical activity, 
psychoeducation/TAU or wait-list for depression and anxiety at post-treatment. In both 
depression and anxiety, the less intensive the control intervention, the better the result for BA. 
For example, Internet-based BA was non-inferior to other forms of behavioral therapy but 
superior to physical activity, psychoeducation/TAU and wait-list. Quality of evidence was found 
to be very low when comparing Internet-based BA to other forms of behavior therapy and 
physical activity, low for mindfulness and waitlist, and moderate for psychoeducation/TAU 
(Table 4). 
We undertook several sensitivity analyses. For Eisma et al. (2015) the effect of using 
alternative depressive outcomes (i.e., the Inventory of Complicated Grief-revised, the Hospital 
Anxiety and Depression Scale) when Internet-based BA was compared against other forms of 
behavioral therapy and waitlist was investigated, while for Ly (2014 and 2015) the Beck 
Depression Inventory 2 (BDI-II) and Patient Health Questionnaire-9 (PHQ-9) were swapped 
when evaluating the effect of Internet-based BA against other forms of behavioral therapy or 
mindfulness. For Buntrock et al (2016), we looked at the effect of using the results of the Penn 
State Worrying Questionnaire (PSWQ) instead of the HADS-A (HADS – Anxiety subscale) as 
an outcome measure for anxiety when comparing Internet-based BA against 
psychoeducation/TAU. The measure used did not seem to alter findings (Supplement 3). 
Nystrom et al. (2017) compared the effect of two different Internet-based BA interventions based 
on two different BA models (i.e., Martell’s model and Lewinsohn’s model) against two types of 
physical activity (i.e., with and without rationale) (PA) on depression and anxiety. Sensitivity 
analyses of using alternative combinations of the PA versus BA study arms were performed. 
 14 
 
Additionally, the effect of using Lewinsohn’s BA model instead of Martell’s BA model 
compared to psychoeducation/TAU was explored. None of these greatly altered the results 
(Supplement 3). Eisma et al. (2015) delivered their Internet-based BA intervention by email 
rather than directly through the Internet. When this study was excluded from the meta-analyses 
conducted to estimate the effect of Internet-based BA against other forms of behavioral therapy 
and waitlist, the results generally favoured web-based BA more strongly (Figures 3 and 4). 
Lastly, there was little difference in depression and anxiety outcomes when considering studies 
which explored the effect of Internet-based BA in comparison with psychoeducation/TAU with 
people with postpartum depression (O’Mahen et al., 2013, 2014) or people with comorbid 
diabetes (Ebert et al., 2017). Sensitivity analyses of excluding these studies to leave only the 
study of Buntrock et al. (2016), which was conducted with people with symptoms of depression 
did not alter any of the results (Figures 3 and 4). 
Six studies reported depression and anxiety outcomes at three to six-month follow-up 
(Buntrock et al., 2016; Ebert et al.,2017; Eisma et al., 2015; Ly et al., 2014, 2015; O'Mahen et 
al., 2014). In terms of depression, we found low level of evidence that Internet-based BA was 
non-inferior to other forms of behavioral therapy (n=114, k=2, SMD= 0.09 [95% CI -0.19, 0.36]) 
and mindfulness (n=81, k=1, SMD=-0.27 [95% CI -0.71, 0.17]) and moderate levels of evidence 
that Internet-based BA was superior to psychoeducation/TAU (n=720, k=3, SMD=-0.68 [95% CI 
-0.83, -0.53]). There was low level of evidence coming from one study which compared Internet-
based BA with wait-list controls that found no difference in outcomes (n=21, k=1, SMD=-0.58 
[95% CI -1.22, 0.07]. However, this was the paper by Eisma et al. (2015) who delivered their 
intervention by email rather than directly through the Internet. 
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Identical results were found for anxiety. For instance, there was a moderate level of 
evidence that Internet-based BA was as effective as other forms of behavioral therapy (n=116, 
k=2, SMD=-0.48 [95% CI [-0.79, -0.17]) and achieved significantly better outcomes than 
psychoeducation/TAU (n=694, k=3, SMD=-0.48 [95% CI [-0.79, -0.17]). In both depression and 
anxiety, sensitivity analyses of swapping different outcome measures for other instruments for 
the same studies at three to six-month follow-up as was undertaken for the outcomes at post-
treatment; this did not greatly change the results (Supplement 3). There was one exception: 
Internet-based BA was no longer superior to psychoeducation/TAU in the case of anxiety 
(Supplement 3).  
Only two studies explored the effect of Internet-based BA on depression at 12-month 
follow-up (Buntrock et al., 2016; O’Mahen et al., 2014). There was a high level of evidence that 
the Internet-based BA group had significantly greater reductions in depression scores than 
psychoeducation/TAU (n=460, k=2, SMD=-0.25 [95% CI [-0.44, -0.07]). 
Five studies assessed the effect of Internet-based BA on quality of life (Buntrock et al., 
2016; Carlbring et al., 2013; Ebert et al., 2017; Ly et al., 2014, 2015). There was a low level of 
evidence that at post-treatment, Internet-based BA achieved similar results to both alternative 
forms of behavioral therapy (n=93, k=1, SMD= 0.01 [95% CI -0.40, 0.42] and mindfulness 
(n=81, k=1, SMD= 0.04 [-0.39, 0.48]). There was a moderate level of evidence that Internet-
based BA leads to higher quality of life scores than psychoeducation/TAU (n=662, k=2, 
SMD=0.64 [95% CI 0.47, 0.80]). However, there was a low level of evidence from one study 
that compared Internet-based BA with wait-list controls which found no difference between the 
groups at post-treatment (Carlbring et al, 2013) (n=80, k=1, SMD=0.02 [-0.42, 0.46]). Results 
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when comparing Internet-based BA against psychoeducation/TAU at three to six-month follow-
up were similar (n=662, k=2, SMD=0.50 [0.35, 0.66]); the quality of evidence was moderate.  
3.5. Heterogeneity and publication bias: 
I
2
 values were less than 50% for all but two outcomes; specifically, anxiety at post-treatment 
for other behavioral therapy comparator group (I
2
=61%) and anxiety at three to six-month 
follow-up for psychoeducation/TAU comparator group (I
2
=67%). We could not test for 
publication bias as there were insufficient studies for any of the outcomes. 
4. Discussion 
The purpose of this review was to determine for which conditions the efficacy of Internet-
based BA has been evaluated, to determine its efficacy, and assess the overall quality of 
evidence. The efficacy of Internet-based BA was only examined in non-clinical populations for 
the treatment of different types of depression (e.g., mild forms of depression, postpartum 
depression, depression with a comorbid chronic medical condition such as diabetes) as evaluated 
in RCTs. In this context, guided Internet-based BA was non-inferior to other forms of behavioral 
therapy and mindfulness but superior to physical activity, wait-list, psychoeducation/TAU for the 
most commonly evaluated outcomes of depression and anxiety at post-treatment and at short-
term follow-up. The same was found for quality of life when available, except in the comparison 
of Internet-based BA against waitlist. The overall quality of evidence was mainly very low to 
low when comparing Internet-based BA to other forms of behavioral therapy, mindfulness and 
waitlist, very low for physical activity, and mainly moderate for psychoeducation/TAU. The 
quality of evidence was most commonly downgraded due to imprecision. Concerns over the 
quality of the evidence meant we excluded three uncontrolled studies despite our protocol. 
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Although BA has the potential to benefit individuals with other conditions (e.g., anxiety, 
post-traumatic stress disorder, problem gambling) when delivered through traditional face-to-
face methods (Hopko et al., 2006, 2016; Luquiens et al., 2016; Mulick et al., 2011; Soleimani et 
al., 2015), we did not find any studies on the use of Internet-BA in other psychiatric conditions 
such as anxiety or post-traumatic stress disorder. There is therefore a need to evaluate the 
efficacy of Internet-BA in other conditions due to advantages that BA can offer over the firmly 
established CBT treatment for many mental conditions (Richards et al., 2016).  
BA, especially when delivered via distance-based formats, including the Internet, has the 
potential to be a cost-effective treatment option. In fact, early evidence coming from the only 
RCT that has compared an Internet-based BA treatment against a face-to-face BA treatment (Ly 
et al., 2015), suggests that the use of Internet can possibly reduce the therapist time in a full face-
to-face BA treatment while maintaining the same treatment quality. Additionally, due to BA’s 
parsimoniousness, it has potential to be delivered by coaches who are graduate workers rather 
than clinical professionals. Many studies included in this review assessed a guided-Internet based 
BA program with students acting as supporters. Consistent with these observations, the 
employment of graduate workers to deliver low-intensity therapies, like BA, has been successful 
under the United Kingdom’s Improving Access to Psychological Therapies (IAPT) program 
(NHS England, 2016). However, due to a paucity of data, a lack of certainty currently exists 
regarding the optimum support that should be provided when delivering an Internet-based BA 
intervention. It was not possible to assess whether the type of facilitator (i.e., student, para-
professional, professional therapist) could impact depression and anxiety outcomes. It was also 
not possible to explore what to include when providing support, nor how much and how often 
support should be provided. Apart from this, all of the interventions in this review were guided 
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and delivered through a web-based platform, therefore little can also be concluded regarding the 
most effective form of Internet-based BA. For instance, we do not know whether Internet-based 
BA interventions can be more effective when guidance is added, nor do we know whether web-
based or native BA application interventions can be more effective than BA interventions 
delivered via email. Although unguided CBT in the treatment of depression is not recommended 
(NICE guidance on adult depression, 2009) because it is inferior to guided CBT, future research 
is needed to assess the efficacy of unguided distance-based BA therapy against guided distance-
based BA therapy, as this could be an even more cost-effective treatment option. Also, of note, 
none of the retrieved studies in this review included an economic analysis of Internet-based BA 
treatment compared to in-person BA treatment. The studies retrieved by Donker et al (2015) 
showed promising evidence of cost-effectiveness for guided Internet-based treatment for 
depression, but as per our knowledge there is no data specifically on Internet-based BA 
treatments. 
As there were no limitations placed on control group, the comparison interventions varied 
widely. However, this can actually be positive as it is very helpful to compare Internet-based BA 
to an already established, evidence-supported treatment as opposed to a wait-list or no treatment 
group, especially taking into account best practices guidelines (e.g., NICE guidance on adult 
depression, 2009). This provides more convincing evidence on efficacy and can either confirm or 
deny whether this treatment should be offered as a stand-alone alternative.  
In addition to variations in the comparator group, there were also differences in the 
condition being treated. All types of depression were initially analyzed together to see if the 
magnitude of the effect across these different forms of depression would be more or less the 
same. Sensitivity analysis confirmed that excluding specific subtypes did not change the effect of 
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Internet-based BA, with the exception of complicated grief and rumination (n = 1 study) (Eisma 
et al., 2015). One explanation might be that this condition is somewhat different from other 
depressive disorders even if there is an overlap in symptoms (e.g., deep sadness, intense 
avoidance and social withdrawal). For grief, even with low mood, there is very reactive 
avoidance which is best treated with exposure therapy, although BA can help if activity levels 
are low (Boelen et al., 2010; Shear, 2015). However, while complicated grief may have more 
overlap with depression than normal grief, it is important to note that not all grief presents with 
low activity levels (Horowitz et al., 1997). Activity levels at baseline were not collected, 
therefore it is difficult to draw any conclusions regarding this hypothesis. Moreover, the 
inconsistency observed for the effect of Internet-based BA on complicated grief could also be 
explained by other factors including the study design, the delivery method, the baseline 
characteristics of the participants, and/or the levels of attrition as opposed to the condition being 
treated. This study was the only one to deliver its intervention via email instead of a web-based 
platform. An intervention delivered via email may be less appealing to individuals since 
persuasive system design features cannot be used, and that could have led to poorer adherence 
and as a result, poorer treatment outcomes. Additionally, baseline levels of depression were 
found to be higher in the BA group than those in the comparator groups (i.e., the wait-list and 
exposure groups). Finally, the BA group had higher levels of attrition than the other comparator 
groups.  
Several models of BA exist, with activity monitoring and activity scheduling being core 
components common across the variations. Activity monitoring forms the basis for planning 
subsequent behavior change efforts, while activity scheduling involves scheduling activities into 
the individual’s everyday life to improve mood. Models of BA differ in how these common core 
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components are implemented as well as in additional strategies and techniques that may also be 
incorporated into the program (e.g., assessment of goals and values, social skills and problem-
solving training, targeting avoidance behaviors). Martell’s model (Martell et al., 2010) is most 
commonly used in practice, and has also been found to be the most commonly empirically 
evaluated model in the context of Internet-based BA. When assessing the quality of these tested 
interventions based on the extent to which these interventions incorporate the models core 
components there was a lack of adequate information about their content in many manuscripts. 
Following the CONSORT recommendations regarding the reporting of intervention descriptions 
(Schulz et al., 2010), it is important that authors present this information, especially in the 
context of Internet-delivered treatments. It is a challenge to translate the core components of BA 
into distance-delivery formats while still adhering to the treatment manuals due to the lack of 
therapist interaction. Therefore, it is necessary for authors to appropriately describe the 
intervention to ensure it is, in fact, still in line with BA.  
This review also identified a few other additional gaps in the literature such as the efficacy 
of Internet-based BA in youth populations, especially given the evidence is starting to show that 
face-to-face BA has applicability in the treatment of adolescents (Gaynor and Harris, 2008; Pass 
et al., 2017; Ritschel et al., 2011; Ruggiero et al., 2007; Wallis et al., 2012), and adolescents are 
technically savvy and Internet is routinely incorporated into their everyday life. This is 
particularly relevant as psychological treatments are recommended as first line interventions for 
children and youth (Parikh et al., 2016). Another gap identified was the lack of studies in clinical 
populations. As such, it is necessary to perform research on the efficacy of Internet-based BA in 
clinical settings. Finally, it is important to note the short follow-up time observed in the included 
studies; only two studies had a 12-month follow-up (Buntrock et al., 2016; O’Mahen et al., 
 21 
 
2014). Therefore, it is difficult to assess the efficacy of Internet-based BA over a longer period of 
time, warranting the need for further research on its extended efficacy. 
 
4.1. Limitations of this review:  
First, our search was restricted to papers in English and therefore, relevant papers written in 
other languages could have been missed.  
Second, the quality of the interventions was only based on the whether the interventions 
implemented core components of the BA models. However, a multidimensional approach 
considering other aspects regarding the content, such as the extent to which the core components 
are actually implemented as theoretically designed or usability, should ideally be used. Taking 
into account the quality of the interventions is very important since this can affect the results of 
the trials (Herbert and Bo, 2005). 
Third, when evaluating the risk of bias within each included study we used the Cochrane 
risk of bias tool. Although this tool has been suggested as the best available tool for assessing 
RCTs (Zeng et al., 2015), this tool does not include all the potential risk of bias. For instance, the 
involvement of developers in evaluation studies is a potential risk of bias (Petrosino and Soydan, 
2005), but was not assessed. Apart from this, the extent to which program evaluators were 
involved in developing and delivering the evaluated intervention was not clear in any of the 
included studies in this review. Consequently, we cannot rule out the possibility that the 




Fourth, due to the limited number of studies, when estimating the effect size for Internet-
based BA, although not ideal, it was necessary to group different conditions as well as different 
comparators.  
Fifth, some of our results showed moderate heterogeneity and we could not test for 
publication bias as there were insufficient studies for any of the outcomes. 
Finally, a limitation of the included RCTs and, therefore, of this review is that participants 
excluded people with current suicidality, psychosis, and other comorbities. Additionally, clinical 
populations were not investigated. This limits the generalizability of our findings.  
4.2. Conclusion: 
Due to the limited number of studies and the poor quality of some of the findings, our results 
must be viewed with caution. Nevertheless, the results of this review suggest that guided 
Internet-based BA seems to be an efficacious therapy option for the treatment of depression in 
adults recruited from the general population, resulting in reduced depression and anxiety 
symptoms. In this context, guided Internet-based BA was superior to less intensive forms of 
treatment including psychoeducation/TAU and waitlist. It also seems to be non-inferior to in-
person BA and other forms of behavior therapy.  
Our results emphasize the need for high quality studies with longer follow-ups which assess 
the effectiveness and cost-effectiveness of Internet-based BA as an option for treating depression 
(both in adults and adolescents) as well as other conditions, especially in the clinical setting. This 
is taking into account the lack of studies and the growing demand for the healthcare system to 
adopt scalable delivery technologies that still offer personalized and effective treatments.  
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Fig 2. Cochrane risk of bias assessment for RCTs. Green represents low risk of bias, yellow 






Fig 3. Forest plot displaying effects sizes of studies comparing Internet-based treatment with a 




Fig 4. Forest plot displaying effects sizes of studies comparing Internet-based treatment with a 
comparison group on anxiety outcomes at post-treatment 
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BDI-II= Beck Depression Inventory, GAD-7= Generalized Anxiety Disorder 7-item scale, PHQ-
9= Patient Health Questionnaire, SPS= Social Provision Scale, PBQ= Postnatal Bonding 
Questionnaire, WASAS= Work and Social Adjustment Scale, EPDS=Edinburgh Postnatal 
Depression Scale, AAQ-II= Acceptance and Action Questionnaire, BAI= Beck Inventory of 
Anxiety, RRS=Ruminative Response Scale, UGRS=Utrecht Grief Rumination Scale, HADS= 
Hospital Anxiety and Depression Scale, PSS=PTSD Symptom Scale, ICG-R=Inventory of 
Complicated Grief-Revised, SR-12 MCS= Short-Form Health Survey, Mental Health Summary 
Scale, SF-12 PCS=Short Form Health Survey - Physical Health Summary Scale, AADQ= 
acceptance and action diabetes questionnaire, DSMQ= Diabetes Self-Management 
Questionnaire, PAID= Problem Areas in Depression Scale, CESD= Centre for Epidemiological 
Studies Depression Scale, QOLI= Quality of Life Inventory, PSMS= Pearling and Schooler 
Mastery Scale, ISI= Insomnia Severity Inventory, PSWQ= Penn State Worrying Questionnaire, 
SPSI-NPO=Problem Solving Inventory-Revised, Negative Problem Orientation Subscale, SPSI-
PPO=Social Problem Solving Inventory-Revised, Positive Problem Orientation subscale, BADS-
SF= Behavioural Activation for Depression Scale Short Form, HADS-A= Hospital Anxiety and 
Depression Scale, Anxiety subscale 
1 
n=Number of participants enrolled in study, all arms 
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PST= Problem solving therapy 
2
ACT= Acceptance and commitment therapy 
 



















 ? ? ? Focused activation. 
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Note: =Included. ?= Not evident to be included, =Not included. Ebert, 2017 was not assessed 
as it was unclear which BA model they used.  
1Ly, 2014 based on Martell’s model and Lejuez, Hopko and Hopko’s model. 
Table 4. GRADE evidence profile 
 Quality assessment Summary of findings 
       # of individuals   














































































































































































































































































































































































































































































































































































































































































Lack of blinding of participants and personnel and lack of blinding of outcome assessment has 
not been considered a potential risk of bias within studies when evaluating the limitations 
domains because blinding was not possible in any of the trials included in this trial. Blinding of 
participants and personnel is impossible when participants assigned to the comparator group are 
assigned to non-Internet comparators groups (e.g., wait list, mindfulness etc.). In these cases, 
study participants discover what condition they have been assigned to. Blinding of outcome 
assessment is not possible either, because explored outcomes, which are subjective in nature, 
were self-reported in all trials. 
2 






 Identified heterogeneity in results across studies (I
2
>50%) could be explained by differences 
across the comparator intervention. 
5
 Identified heterogeneity in results across studies (I
2
>50%) could be explained by a small trial 
(O’Mahen et al., 2014) combined in the meta-analysis. 
6
If there is a wide confidence interval around the estimate of the effect (i.e., CI overlaps no or 
little effect and the upper or lower confidence limit crosses the effect size of SMD of 0.5 in 
either direction), or less than 400 participants were included. 
7
Due to the small number of trials published, it is very difficult to assess likelihood of 
publication bias. The authors feel that the small number of trials at this stage is due to the still 
developing (early) evidence base available in the literature. For this reason, they have decided 
that the publication bias is still undetected at this stage. 
 
Highlights: 
 The efficacy of BA has been evaluated in adults with different forms of depression. 
 Results supporting the efficacy of guided Internet BA for depression are promising. 
 Findings are applicable only to the general population, not clinical population. 
 High quality studies with long follow-up are needed to improve quality of evidence. 
 Research is needed to evaluate the efficacy of BA for other conditions/populations. 
 
